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What is habitat quality? 
Habitat quality is an inherently abstract concept which tries to summarize the “goodness” of 
an ecosystem in terms of its deviation from an ideal reference state. This property is generally 
considered to be related to the long-term functionality and self-organizing capacity of 
ecosystems, including their capacity to supply ecosystem services. There are several 
alternative definitions for similar concepts, most of which are based on the structure, 
composition, and type-specific key processes (Noss 1990) of the local ecosystems. Notable 
examples include ‘vegetation condition’ (Gibbons et al. 2006, 2008), naturalness (e.g. 
Machado 2004), hemeroby (e.g. Sukopp et al. 1990), ecosystem health (e.g. Costanza et al. 
1992) and ecological integrity (e.g. Woodley et al. 1993). To measure this property of 
ecosystems, spatial information is needed. Most generally, habitat quality can be estimated (1) 
in the field by comparing observations to a standardized list of criteria (e.g. Machado 2004; 
Molnár et al. 2007), (2) based on field-calibrated modeling and/or remote sensing data (e.g. Li 
and Kräuchi 2004; Cohen et al. 2005; Gibbons et al. 2008), or (3) constructed as an 
aggregated index based on several field-observed and/or remotely sensed components (e.g. 
Bartha 2004; Gibbons and Freudenberger 2006; Standovár et al. 2006).
Habitat quality in global and EU biodiversity policies 
Habitat quality is one particular way to provide a key message on the state of the ecosystems,
which focusses on the general tendencies with no particular emphasis on any predefined 
groups of species. Such indicators, describing current state and tendencies of the studied 
ecosystems, are often called ‘biodiversity indicators’, as although they might not correspond 
directly to any of the generally interpreted components of biodiversity, but they can be used 
as surrogates to reflect general relationships and tendencies (ten Brink 2006). Habitat quality 
metrics can enter at several points into mainstream policy discussions. 
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Probably the most important policy initiative at the global level is the recently founded 
Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES). One of the 
primary goals of IPBES is to deliver global, regional and thematic assessments on the status 
and trends of biodiversity and ecosystem services. Species occurrence data exist only for a 
tiny proportion of the 3 million species known to date, many of which decline partly due to 
insufficient data and knowledge to counteract negative trends (Pimm et al. 2014). Habitat 
quality, however, can be an effective proxy for the occurrence and abundance of many species 
and for the integrity of ecosystems, due to the technical possibility to gain detailed data from 
large geographic areas, many of which largely unexplored locally. The key role of habitat 
quality in IPBES is also underlined by the fact that one of the thematic assessments of the 
platform will be focusing on land degradation and restoration.
Information about habitat quality also plays a key role in several policies in the EU policy 
arena:
x Measuring the status of ecosystems: The Habitats Directive (Article 17) and the 
Water Framework Directive require a periodic reporting on the ecological status of 
major terrestrial ecosystems and water bodies, which is assumed to rely on a detailed 
evaluation of a vast number of species at a high number of locations. Nevertheless,
these data are difficult to be used for compiling habitat quality evaluations, which is 
caused by deficiencies of the reporting process (e.g. just one data sheet for each 
Natura 2000 species and habitat type for each country and biogeographical region)
x Ecosystem service indicators: According to Action 5 of EU’s Biodiversity Strategy to 
2020, each member state is required to map and assess the ecosystems and their 
services within their territory. As the most accepted conceptual model for ecosystem 
service delivery, the cascade model (Haines-Young and Potschin 2010, de Groot et al 
2010) contains the state of ecosystems as a fundamental element, theoretically all 
ecosystem service maps and assessments should also embrace habitat quality maps.
x Restoration prioritization support: The 2020 Biodiversity Strategy (Target 2) 
prescribes that each MS should restore 15% of the degraded ecosystems within its 
territory. A similar 15% goal is also declared at a global level by the Convention on 
Biological Diversity (Aichi Target 15). According to an EU-funded study (Lammerant 
et al 2013) this process should be coordinated by classifying all natural and man-made 
ecosystems into to a 4-grade ordinal scale based on their level of degradation. 
Measuring and monitoring habitat quality for many ecosystems can have a great 
practical importance for this kind of use.
x No net loss of ecosystems and their services: Action 7 of the EU Biodiversity Strategy 
proposes “an initiative to ensure there is no net loss of ecosystems and their services 
(e.g. through compensation or offsetting schemes)”. Under this target, the Commission 
seeks innovative new mechanisms, providing systematic tools for compensation for 
damages to biodiversity in the wider countryside outside Natura 2000 sites. This has to 
be applied in the context of the mitigation hierarchy (with an order of priority favoring
avoidance and reduction of adverse impacts to the use of offsets or compensation), for 
which measurement of habitat quality is a key indicator from planning to 
implementation and monitoring of offsetting measures (Rayment 2013).
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Considerations for reliable habitat quality metrics 
As discussed above, a reliable and informative habitat quality metric should reflect deviation 
from an ideal state, which should be interpretable in a consistent way for all typical pathways 
of degradation. This is not easy, not even conceptually. For example, a forest can be too even 
aged, infected by invasive alien species, can lack a shrub layer, old trees, dead trees, gaps, etc. 
Furthermore, it is not always easy to identify a single unambiguous reference state,
particularly for strongly transformed ecosystems. How can we define an ideal reference state 
for a cropland or a city? Should it be the last pristine vegetation, which used to be there at the 
same location prior to the transformations? Or some sort of ideal cropland, or ideal city? Even 
in the case of well-known semi-natural ecosystems, as European oak forests, an appropriate
reference state can be difficult to determine simply because of the constant human presence 
since the ice age.
Being inherently local and spatially explicit, habitat quality metrics can never allow for 
structures and processes observable at spatial scales broader than their resolution. Thus habitat 
quality cannot account for landscape pattern and /or diversity. Furthermore, local habitat 
quality cannot generally capture outstanding natural values, like the presence of a specific rare 
species, or unique compositional, structural or historical features.
Figure 1: Natural capital is defined as the product of remaining ecosystem size (quantity) and 
its quality. For example, if the remaining ecosystem size is 50 %, and its quality is 40 %, then 
20 % of the natural capital remains (from Czúcz et al. 2012).
Aggregating habitat quality for landscapes – the case of the Hungarian Natural Capital 
Index 
Local habitat quality values can be very useful by themselves, nevertheless, there are 
several policy contexts, where an overview of larger areas is necessary. To this end habitat 
quality values can be aggregated in a standardized way so that they could be used effectively 
in evaluating and comparing ecological state in larger and smaller areas. The simplest and 
most straightforward aggregation scheme is the Natural Capital Index (NCI) formula (ten 
Brink 2000, Czúcz et al. 2008, 2012; Figure 1), which is the area weighted mean naturalness
of the landscape:
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for a landscape consisting of n homogeneous patches of size ai and quality qi. If both size and 
quality are scaled between 0 and 1 (relative to the entire landscape and the pristine reference 
state), then an NCI value of 1 will mean a landscape in its original, pristine or undegraded 
state. The concept of NCI is based on the assumption that biodiversity loss can be modeled as 
a process driven by two main components: habitat loss due to conversion of natural areas into 
agricultural fields or urban areas, and degradation of the remaining habitat patches, caused by 
overexploitation, pollution, fragmentation, invasive species, etc. Thus, NCI summarizes the 
extent to which a landscape has preserved its original (baseline) natural capital (Figure 1; ten 
Brink 2007). Combining quality and quantity into one indicator, NCI relies on a hypothetical 
equivalence between smaller intact, and larger, but degraded patches in terms of ecological 
value (Figure 1).
It is apparent from the definition and the methods of calculations that NCI is flexible enough 
to give evaluations of landscapes at various scales. An important and advantageous property 
of this metric is that it can be used for quick and superficial comparisons, as well as extensive 
and detailed evaluations. NCI values for larger areas can namely be disaggregated in various 
ways into the sum of different components:
x Thematic disaggregation: the contribution of specific ecosystem types to the overall 
NCI value of a larger region can be easily estimated in a straightforward way. To
visualize the contributions of specific ecosystem types to an overall NCI value, 
habitat-profile diagrams can be constructed (Figure 2).
x Spatial disaggregation: the NCI value of a larger region corresponds by definition to 
the area-weighted average of NCI values of its sub-regions, no matter how the sub-
regions are delineated. This rule can help to identify the specific contributions of any 
area of interest to the NCI of the larger region.
The evaluation of the contributions of different subregions and ecosystem-types can bring 
new perspectives for policy applications. Flexible disaggregation makes it possible that it is 
not only the factual numerical values, but also the underlying causes and patterns that can be 
surveyed in a decision-making process. Consequently, this standardized metric can be used 
successfully in local and regional policy-relevant decision-making and in environmental 
communication.
This index is also especially suited for remote sensing: accurate data on spatial extent of each 
habitat and the naturalness of each study unit (e.g. pixel) can easily be integrated into this 
model for quantitative evaluation of natural capital at regional or local scale. In addition, the 
quantification of habitat quality in terms of deviation from a reference state (a “perfect” 
ecosystem) can also be relatively well followed up with remote sensing and GIS as long as the 
reference state of the ecosystem also exists and has been covered by the survey. Differences 
in spectral properties, spatial structure, patch diversity can all be calculated between the 
reference and the units of the study area.
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Figure 2: The Natural Capital Index of Hungary, shown in a disaggregated structure 
identifying contributions of 10 main habitat groups. To add perspicuity to the NCI 
components, the scaling of the axes is not identical, to provide a visual overview of the 
magnitudes, a pictogram with identically scaled axes is shown in the upper right corner (from 
Czúcz et al 2012).
 
Conclusions 
While habitat quality is an abstract concept that can be defined in many different ways, there 
is a clear demand for reliable and transferable definitions that support quantitative analysis. 
International biodiversity policy, spearheaded by the IPBES targets, and EU commitments 
such as the 2020 Biodiversity Strategy all require spatially explicit assessments of habitat 
quality.
We propose the Natural Capital Index, which is based on deviation from a hypothetical 
reference state in terms of both area and quality of habitats. While some problems remain, this 
index is compatible with remote sensing and GIS analysis, and could pave the way towards 
more reliable habitat assessments in EU and global policy
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